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AAP INVERTER MODEL 

By James C .  McClellan and A .  C .  Lee 

1 . 0  SUMMARY AND INTRODUCTION 

I n  accordance with Subtask AA-30.2 Model Development of Task 
AA-30, EPS Support for AAP Consumables, a model has  been developed t o  
s imulate  t h e  e l e c t r i c a l  performance for t he  AAP i n v e r t e r s .  The mathematics 
of t h i s  model have been incorporated i n t o  a computer program f o r  t h e  
e l e c t r i c a l  power system (EPS). A l i s t i n g  of t h e  program, a d e t a i l e d  
flow cha r t  of t h e  l o g i c ,  a t a b l e  of t h e  da t a  used i n  t h e  ca l cu la t ions ,  
and two sample cases  which i l l u s t r a t e  the  output  of t h e  program are 
included i n  t h i s  r e p o r t .  
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2.0 DEFINITIONS 

EQUIP ( 9 )  ac equipment l i s t  which contains  t h e  names of t h e  ac 
equipment as alphanumeric information; t he  a r ray  
dimension w i l l  have t o  be updated when the  a c t u a l  
l i s t  becomes ava i l ab le  

WATTS ( 9 )  power of each ac equipment 

PF ( 9 )  power f a c t o r  of each ac  equipment 

I N V  ( 6 )  i n v e r t e r  ON/OFF s t a t u s  

0 OFF 

1 ON 

AK ( 6 )  i n v e r t e r  overload capaci ty  

HVA (2.,9,3,2) 2 f f i c i ency  versus volt-amps data; t h e  subsc r ip t s  a r e  
as fol lows.  

F i r s t  subscr ip t  : e f f i c i ency  and volt-amps axes 

1 volt-amps axis (x-axis) 

2 e f f i c i ency  a x i s  (y-axis)  

Second subsc r ip t :  number of data poin ts  

Third subscr ip t :  t h ree  power f a c t o r  dependent curves ,  
t he  power f a c t o r  on each curve i s  
given by the  PFC (3 ,2 )  a r r a y  

Fourth subscr ip t :  CSM/LM i n v e r t e r s  

1 CSM 

2 LM 

PFC (3,2)  powered f a c t o r  on each of t h e  power f a c t o r  dependent 
curves f o r  both CSM and LM 

LUMP a f l a g  t o  ind ica t e  t h a t  t h e  input  i s  a lump load 
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ITEM 

SUMW 

SUMVAR 

VA 

PFAC 

POW 

EFF 

ETA(2) 

PI . 

PQ 

QDOT 

SEENA 

ON/OFF s t a t u s  of  t h e  ac equipment 

0 OFF 

1 ON 

t o t a l  w a t t s  of ac loads 

t o t a l  va r s  of ac  loads 

t o t a l  volt-amps of ac loads  

power f a c t o r  of t o t a l  a c  loads 

power f a c t o r  of a lump load input  

e f f i c i ency  

a r r ay  i n  which t o  s t o r e  EFF f o r  second i n t e r p o l a t i o n  

DC power i n t o  t h e  i n v e r t e r  

power l o s t  i n  t h e  i n v e r t e r  as hea t  

Btu 's  per  h r  of heat  l o s t  

spacecraf t  e l e c t r i c a l  energy network ana lys i s  
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3.0 MODELING CONSIDERATIONS 

An i n v e r t e r  may be considered as a constant power opera t ing  device.  
It requ i r e s  a dc source of power input  and, by means of t h e  e l e c t r o n i c  
c i r c u i t r i e s ,  i n v e r t s  t h i s  dc input i n t o  ac ou tpu t s ,  e i t h e r  single-phase 
o r  three-phase, depending on t h e  system design requirement. A complete 
desc r ip t ion  of t h e  CSM and LM/ATM inve r t e r  i s  given i n  sec t ion  4.0.  
A s  with any energy conversion devices ,  a c e r t a i n  amount of energy i s  
l o s t  through t h e  conversion process ,  and t h i s  energy appears i n  t h e  
form of h e a t .  Thus, it i s  e s s e n t i a l  t h a t  t h i s  generated hea t  be removed 
from t h e  device so t h a t  a s a t i s f a c t o r y  performance w i l l  be obtained. 
A schematic of an i n v e r t e r  i s  presented i n  f i g u r e  3-1. 

For t h e  present  modeling purpose, it i s  assumed t h a t  t h e  hea t  removal 
scheme i s  adequate and t h a t  t h e  performance of t h e  i n v e r t e r  can be 
considered as independent of temperature. 

Fu r the r ,  as a constant power device (i .e ,  , P = I E  = Const. ) , t h e  
vol tage  E considered here i s  t h e  voltage across  t h e  i n v e r t e r  only.  
Any vo l t age  d i f f e r e n t i a l  between t h e  i n v e r t e r  ground and system 
ground w i l l  not be included i n  t h e  model. 

A t y p i c a l  connection of a CSM i n v e r t e r  i s  shown i n  f i g u r e  3-2. 
If t h e  SM negat ive  bus i s  taken as t h e  system ground, t h e  vol tage  
across  t h e  i n v e r t e r  i s  t h e  d i f f e rence  between t h e  system vol tage  and 
t h e  vo l t age  d i f f e r e n t i a l  between t h e  two ground buses. 
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Input - output - 
t 

Figure 3-1 .- Inverter input-output relationship. 

Inverter 
D.C. 
25-30 V. 

A. C. 
115 v, 400 CPS 
3-@(CSM) 
l -@(LM/ATM) 



SM 

I I 
b 6 5 - C M  negative bus 

I 
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A.C. loads 

-SM negative bus 

- 
System ground 

Figure 3-2 .- Typical connection of inverter i n  the CSM distribution network. 
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4.0 DESCRIPTION OF INVERTERS 

The i n v e r t e r s  i n  t h e  AAP e l e c t r i c a l  power system a re  e s s e n t i a l l y  
i d e n t i c a l  t o  those present ly  used i n  t h e  Apollo program. 
w r i t i n g ,  t h e r e  i s  no information ava i lab le  on t h e  AM i n v e r t e r s .  
summary of t h e  i n v e r t e r  c h a r a c t e r i s t i c s  are t abu la t ed  i n  t a b l e  4-1. 

A t  t h i s  
A 

4 . 1  CSM Inve r t e r s  ( r e f .  1) 

4.1.1 Inve r t e r  descr ip t ion . -  Each inve r t e r  ( f i g .  4-1) i s  composed 
of an o s c i l l a t o r ,  an eight-s tage '  d i g i t a l  countdown sec t ion ,  a dc l i n e  
f i l t e r ,  two s i l icon-cont ro l led  r e c t i f i e r s ,  a magnetic ampl i f i e r ,  a 
buck-boost ampl i f ie r  , a demodulator, two dc f i l t e r s ,  an eight-s tage 
power invers ion  sec t ion ,  a harmonic neu t r a l i za t ion  t ransformer ,  an ac 
output f i l t e r ,  cur ren t  sensing t ransformers ,  a Zener diode re ference  
b r idge ,  a low-voltage con t ro l ,  and an overcurrent t r i p  c i r c u i t .  The 
i n v e r t e r  normally uses a 6.4-kc square wave synchronizing s i g n a l  from 
t h e  c e n t r a l  t iming equipment (CTE) which maintains i n v e r t e r  output 
a t  400 Hz. 
o s c i l l a t o r  wi th in  t h e  inve r t e r  w i l l  provide pulses  t h a t  w i l l  maintain 
i n v e r t e r  output within 27 Hz. The i n t e r n a l  o s c i l l a t o r  i s  normally 
synchronized by t h e  ex te rna l  pu lse .  The subsequent paragraphs descr ibe 
t h e  func t ion  of t h e  var ious s tages  of the  i n v e r t e r .  

I f  t h i s  ex te rna l  s i g n a l  i s  completely l o s t ,  t h e  f r e e  running 

The 6.4-kc square wave provided by t h e  CTE i s  appl ied through the  
i n t e r n a l  o s c i l l a t o r  t o  t h e  eight-s tage d i g i t a l  countdown sec t ion .  The 
o s c i l l a t o r  has two d iv ider  c i r c u i t s  which provide a 1600-pp s i g n a l  t o  
t h e  magnetic ampl i f ie r .  

I '  
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The eight-s tage d i g i t a l  countdown sec t ion ,  t r i g g e r e d  by t h e  6.4-kc 
s i g n a l ,  produced e i g h t  400-cycle square waves, each mutually displaced 
one pulse-time from t h e  preceding and following wave. 
i s  156 microseconds and r ep resen t s  22.5 e l e c t r i c a l  degrees.  The e igh t  
square waves are appl ied  t o  t h e  eight-stage power invers ion  sec t ion .  

One pulse-time 

The eight-s tage power invers ion  sec t ion ,  f ed  a con t ro l l ed  vol tage 
from t h e  buck-boost ampl i f i e r ,  amplif ies  t h e  e igh t  400-cycle square 
waves produced by t h e  eight-s tage d i g i t a l  countdown sec t ion .  
amplif ied square waves, s t i l l  mutually displaced 22.5 e l e c t r i c a l  degrees ,  
are next appl ied  t o  t h e  harmonic n e u t r a l i z a t i o n  t ransformer.  

The 

The harmonic n e u t r a l i z a t i o n  sec t ion  c o n s i s t s  of 31 transformer 
windings on one core.  
output  of t h e  eight-s tage power inversion s e c t i o n  and transforms i n  i n t o  
a three-phase 400-cycle 115-volt s i g n a l .  
t ransformers  are wound on a s i n g l e  core produces f l u x  cance l l a t ion  which 
e l imina tes  a l l  harmonics up t o  and including t h e  f i f t e e n t h  of t h e  
fundamental frequency. 
a means t o  e l e c t r i c a l l y  r o t a t e  t h e  square wave exc i ted  primary windings 
around t h e  three-phase , wye-connected secondary windings , which produces 
t h e  three-phase 400-cycle s i n e  wave output .  
then  appl ied  t o  t h e  ac output  f i l t e r .  

This s ec t ion  accepts  t h e  400-cycle square-wave 

The manner i n  which these  

The 22.5O displacement of t h e  square waves provides  

This 115-volt s i g n a l  i s  

The ac  output  f i l t e r  e l imina tes  t h e  remaining higher  harmonics. Because 
t h e  lower harmonics were el iminated by t h e  harmonic n e u t r a l  t ransformer,  
t h e  s i z e  and weight of t h i s  output f i l t e r  w a s  reduced. 
t h i s  f i l t e r  a l s o  produces a r e c t i f i e d  s igna l  which i s  appl ied  t o  t h e  Zener 
diode re ference  br idge  f o r  vo l tage  regula t ion .  The amplitude of  t h i s  
s i g n a l  i s  a funct ion of t h e  amplitude of ac  output vo l tage .  
f i l t e r i n g ,  t h e  three-phase 115-volt a c  400-cycle s i n e  wave i s  appl ied 
t o  t h e  ac buses through ind iv idua l  phase current-sensing t ransformers .  

C i r cu i t ry  i n  

After 

The current-sensing t ransformers  produce a r e c t i f i e d  s i g n a l ,  t h e  
ampli ture  of which i s  a d i r e c t  funct ion of  i n v e r t e r  output cur ren t  
magnitude. This  dc s i g n a l  i s  appl ied t o  t h e  Zener diode re ference  
br idge  t o  regulate inverter  cur ren t  output ;  it i s  a l s o  p a r a l l e l e d  t o  an  
overcur ren t  t r i p  c i r c u i t .  

The Zener diode re ference  br idge receives a r c c t l f i e r '  dc s i g n a l ;  
which r ep resen t s  vo l tage  output ,  from the  c i r c u i t r y  i n  t h e  ac  output 
f i l t e r .  A var iance  i n  vol tage  output  unbalances t h e  br idge t o  provide an 
error signal of  proper p o l a r i t y  arid magnitude t o  t h e  buck-boost ampl i f ie r  
through t h e  magnetic ampl i f ie r .  
vo l tage  ou tpu t ,  compensates f o r  vol tage v a r i a t i o n s .  When i n v e r t e r  cu r ren t  
ou tput  reaches 200 t o  250 percent  of r a t ed  c u r r e n t ,  t h e  r e c t i f i e d  s i g n a l  
appl ied  t o  t h e  br idge from t h e  cur ren t  sens ing  t ransformers  i s  of 
s u f f i c i e n t  magnitude t o  provide a,n e r r o r  s i g n a l  which causes t h e  buck-boost 

The buck-boost ampl i f i e r ,  through i t s  b i a s  
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The demodulator c i r c u i t  compensates f o r  any low-frequency r i p p l e  
(lo Hz t o  1000 Hz)  i n  t h e  dc input  t o  t h e  i n v e r t e r .  
r i p p l e  i s  a t tenuated  by t h e  input  f i l t e r s .  The demodulator senses  t h e  
35-volt dc output of t h e  buck-boost ampl i f i e r  and t h e  cu r ren t  input  t o  

w i l l  be r e f l e c t e d  i n  a decrease or  increase  i n  t h e  35-volt dc output  
of t h e  buck-boost a m p l i f i e r ,  as w e l l  as a decrease o r  i nc rease  i n  
cu r ren t  input t o  t h e  buck-boost ampl i f i e r .  A sensed decrease i n  t h e  
buck-boost ampl i f ie r  vo l tage  output i s  compensated f o r  by a demodulator 
ou tput ,  coupled through t h e  magnetic ampl i f ie r  t,o t h e  s i l i con -con t ro l l ed  
r e c t i f i e r s .  The demodulator output  caused t h e  s i l i con -con t ro l l ed  

The high-frequency 

~ t h e  buck-boost ampl i f i e r .  An input  dc vo l t age  decrease or increase  

ampl i f ie r  t o  operate  i n  t h e  same manner as during an overvoltage 
condi t ion.  The b i a s  output of t h e  buck-boost a m p l i f i e r ,  con t ro l l ed  
by t h e  e r ro r  s i g n a l ,  w i l l  be var ied  t o  co r rcc t  f o r  any v a r i a t i o n  i n  
inverter vol tage  o r  an increase  beyond t h e  cu r ren t  output t o l e rance .  
When inve r t e r  cur ren t  output reaches 250 percent  of r a t e d  cu r ren t ,  t h e  
overcurrent  t r i p  c i r c u i t  i s  ac t iva t ed .  

The overcurrent  t r i p  c i r c u i t  monitms a r e c t i f i e d  dc s i g n a l  which 
represents  cur ren t  ou tput .  When t o t a l  i n v e r t e r  cur ren t  output exceeds 
250 percent of r a t e d  c u r r e n t ,  t h i s  c i r c u i t  w i l l  cause an i n v e r t e r  t o  
disconnect i n  1 5  2 5 seconds. I f  cur ren t  output of any s i n g l e  phase 
exceeds 300 percent  of r a t e d  c u r r e n t ,  t h i s  c i r c u i t  w i l l  cause an i n v e r t e r  
t o  disconnect i n  5 t 1 seconds. The disconnect i s  provided through 
r e l a y s  which operate  i n  t h e  motor switch c i r c u i t s  t h a t  connect t h e  
i n v e r t e r s  t o  t h e  ac buses.  

The dc power t o  t h e  i n v e r t e r  i s  suppl ied from t h e  main dc buses 
through the  dc l i n e  f i l t e r .  The f i l t e r  reduces t h e  high frequency 
r i p p l e  i n  t h e  i n p u t ,  and t h e  25 t o  30 v o l t s  de i s  appl ied t o  t h e  s i l i c o n -  
cont ro l led  r e c t i f i e r s .  

The s i l icon-cont ro l led  r e c t i f i e r s  a r e  a l t e r n a t e l y  s e t  by t h e  1600-pps 
s i g n a l  from t h e  magnetic ampl i f ie r  t o  produce a de square wave with an 
O N - t i m e  of g rea t e r  than  90' from each r e c t i f i e r .  This wave i s  f i l t e r e d  
and supplied t o  t h e  buck-boost ampl i f ie r  where it i s  coupled by t h e  
transformer with t h e  amplif ied 160O-pps output  of t h e  magnetic ampl i f ie r  
t o  develop a f i l t e r e d  35 v o l t s  dc. The f i l t e r e d  vol tage  i s  used f o r  
ampl i f ica t ion  i n  t h e  power inversion s tages .  

The buck-boost ampl i f ie r  a l s o  provides a v a r i a b l e  b i a s  vo l tage  
t o  t h e  eight-stage power invers ion  sec t ion .  The amplitude of t h i s  
bias vol tage i s  con t ro l l ed  by t h e  amplitude and p o l a r i t y  of t h e  feedback 
s i g n a l  from t h e  Zener diode re ference  br idge which i s  referenced t o  
output  vol tage and cur'rent. The b i a s  s i g n a l  i s  va r i ed  by t h e  e r r o r  
s i g n a l  t o  r egu la t e  i n v e r t e r  vo l tage  and t o  maintain cur ren t  output  w i th in  
to l e rance .  
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r e c t i f i e r  switch (SCRS) t o  conduct for a longer  t i m e ,  which increases  
t h e i r  f i l t e r e d  dc output .  A sensed increase i n  buck-boost ampl i f i e r  
vo l tage  output ,  caused by an increase  i n  dc input  t o  t h e  i n v e r t e r ,  i s  
compensated f o r  by a demodulator output coupled through the  magnetic 
ampl i f ie r  t o  t h e  s i l i con-cont ro l led  r e c t i f i e r s .  
permits  t h e  ampl i f i e r s  t o  conduct f o r  sho r t e r  per iods ,  which produces a 
lower f i l t e r e d  dc output  t o  t h e  buck-boost ampl i f i e r .  I n  t h i s  manner, 
t h e  35-volt dc input  t o  t h e  power inversion s e c t i o n  i s  maintained a t  a 
r e l a t i v e l y  constant  l eve l  i r r e s p e c t i v e  of t h e  f l u c t u a t i o n s  i n  dc input  
vo l tage  t o  t h e  i n v e r t e r .  

The compensation 

1 The low-voltage con t ro l  c i r c u i t  samples t h e  input  vo l tage  t o  t h e  
inverter and can te rmina te  i n v e r t e r  operat ion.  
ampl i f i e r  provides a boost  ac t ion  during a decrease i n  input  vol tage t o  
t h e  
tend  t o  overheat t h e  s o l i d  s ta te  buck-boost ampl i f i e r  i n  an attempt 
t o  maintain a constant  35 v o l t s  dc t o  t h e  power invers ion  sec t ion  and 
a regula ted  115-volt i n v e r t e r  output .  A s  a precaut ionary measure, t h e  
low-voltage con t ro l  w i l l  terminate  inve r t e r  opera t ion  by disconnecting 
opera t ing  vol tage  t o  t h e  magnetic ampl i f ie r  and t o  t h e  f irst  power 
invers ion  s t age  when input  vol tage decreases t o  between 16 and 19 v o l t s  dc. 

Because t h e  buck-boost 

, i n v e r t e r ,  t h e  high boost  required during a low-voltage input  would 

A temperature sensor with a range of +32O t o  +248O F i s  i n s t a l l e d  
i n  each i n v e r t e r  and provides an input  t o  t h e  caut ion and warning switch 
(C&WS) which w i l l  i l lumina te  a l i g h t  at an i n v e r t e r  temperature of I 

, 241' F. 

The i n v e r t e r  e f f i c i ency  i s  compared wi th  load  in.volt-amperes 
f o r  power f a c t o r s  of 0 .7 ,  0.9 l a g  and 1.0 i n  f i g u r e s  4-2, 4-3, and 
4-4, r e spec t ive ly .  
each f igu re .  

Input dc vol tages  o f  25,  28,  and 30 a r e  given i n  

4.1.2 Inve r t e r  operat ion and appl icat ion.-  D i s t r i b u t i o n  of ac  
power i s  accomplished with a four-wire system through two redundant 
buses ,  a c  bus 1 and ac bus 2. The ac neu t r a l  bus i s  connected t o  t h e  
s ingle-point  ground. 
s o l i d - s t a t e  ll5/2OO-volt 400-Hz three-phase i n v e r t e r s .  
rou ted  t o  t h e  inverters through t h e  main dc buses.  Inve r t e r  1 i s  powered 
through dc main bus A; i n v e r t e r  2 ,  through dc main bus B;  and i n v e r t e r  3, 
through eitiiei- dc i x i r i  7;:s A sr E by switch sg l ec t ion .  Each of t h e s e  
c i r c u i t s  has  a sepa ra t e  c i r c u i t  breaker and a power con t ro l  motor 
switch.  All t h r e e  i n v e r t e r s  a r e  i d e n t i c a l  and are provided with over- 
temperature  c i r c u i t r y .  A l i g h t  i nd ica to r  i l l umina te s  t o  i n d i c a t e  an 
overtemperature s i t u a t i o n .  Inve r t e r  output i s  routed  through a s e r i e s  
O f  c o n t r o l  motor switches t o  t h e  ac buses. S ix  switches con t ro l  motor 
switches which opera te  contac ts  t o  connect o r  disconnect t h e  i n v e r t e r s  
from t h e  ac  buses.  The motor switch c i r c u i t s  are designed t o  prevent 

The ac power i s  provided by one or two of t h e  
The dc power i s  

1 
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t h e  connection of two i n v e r t e r s  t o  t h e  same ac bus a t  t h e  same time. The 
ac loads rece ive  power from e i t h e r  ac  bus through bus s e l e c t o r  switches.  
I n  some ins tances ,  a s i n g l e  phase i s  used f o r  cpera t ion  of equipment; 
and i n  o the r s ,  a l l  t h r e e  phases a r e  used. Over-and undervoltage and 
overload sensing c i r c u i t s  a r e  provided for each bus.  An automatic i n v e r t e r  
disconnect i s  used during an overvoltage or  overload. The ac bus 
vol tage f a i l  and overload l i g h t s  i n  t h e  caution/warning group provide 
a v i s u a l  i nd ica t ion  of vo l tage  o r  overload malfunctions.  The vol tage  
of  each phase on each bus i s  monitored by s e l e c t i o n s  with t h e  AC INDICATORS 
switch.  Readings a r e  displayed on t h e  AC VOLTS meter. 

I 

4.2 LM/ATM Inve r t e r s  ( r e f .  2 )  

4.2.1 Inve r t e r  descr ip t ion . -  Two redundant 400-Hz i n v e r t e r s  
ind iv idua l ly  supply t h e  primary ac power required i n  t h e  LM. 
output i s  cont ro l led  by app l i ca t ion  of  28 v o l t s  dc from t h e  commander's 
o r  LM p i l o t ' s  28-volt dc bus through t h e  EPS: 
breakers ,  t he  INVERTER switch,  and t h e  AC BUS A and AC BUS B with BUS 
T I E  c i r c u i t  breakers .  

Inve r t e r  

INV 1 and I N V  2 c i r c u i t  

The i n v e r t e r s  a r e  i d e n t i c a l ;  t he re fo re ,  only t h e  i n v e r t e r  1 c i r c u i t r y  
i s  discussed.  
in te r fe rence  ( E M I )  f i l t e r  and an input f i l t e r  t o  a dc-to-dc conver te r .  
The regulated output of t h e  converter  i s  changed t o  a 400-Hz square 
wave i n  t h e  inve r t e r  s tage .  The output of t h e  i n v e r t e r  s t age  i s  con- 

second (kpps) o s c i l l a t o r ,  which i s  synchronized by t iming pulses  from 
t h e  PCM. The output of t h e  i n v e r t e r  s t age  i s  400 t 0.4 Hz,  synchronized; 

output i s  divided p rec i se ly  by 16  i n  t h e  d iv ide r  l o g i c  c i r c u i t  and i s  
routed t o  t h e  inve r t e r  s t age ,  t h e  e l e c t r o n i c  t a p  changer,  and t h e  shor t -  
c i r c u i t  p ro tec t ion  c i r c u i t s .  

The 28 v o l t s  dc i s  appl ied through an electromagnetic 

, t r o l l e d  by a 400-Hz pulse  d r i v e r  developed from a 6.4-kilopulse-per- 

400 ? 1 0  H z ,  with a free-running o s c i l l a t o r .  The 6.4-kpps o s c i l l a t o r  I 
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The e l ec t ron ic  t a p  changer sequent ia l ly  s e l e c t s  t h e  output of t he  
tapped transformer i n  t h e  inve r t e r  s t a g e ,  which converts t he  400-Hz 
square wave t o  an approximate s ine  wave of t h e  same freuqency. 
f i l t e r  minimizes harmonic d i s t o r t i o n .  
t h e  i n v e r t e r  output a t  117 v o l t s  ac  k1 percent during normal load 
condi t ions by con t ro l l i ng  t h e  amplitude of t h e  dc-to-dc converter  output .  
The vol tage r egu la to r  a l s o  compensates f o r  v a r i a t i o n s  i n  the  dc input  and 
ac output load .  
Typical i n v e r t e r  e f f i c i ency  curves a r e  shown i n  f igu res  4-6 and 4-7 f o r  
dc input  vol tages  of 24 and 32 v o l t s ,  r e spec t ive ly .  
of 0.65 l a g ,  0.8 l ead  and un i ty  a r e  given i n  each f i g u r e .  

The output 
The vol tage  regula tor  maintains 

A block diagram of t h e  inve r t e r  i s  shown i n  f i g u r e  4-5. 

Power f a c t o r s  

4.2.2 Inve r t e r  operat ion and appl icat ion.-  The ac power i s  provided 
t o  LM subsystems by e i t h e r  of two i d e n t i c a l ,  redundant i n v e r t e r s ;  it 
i s  con t ro l l ed  by t h e  EPS: I N V  1 and I N V  2 c i r c u i t  b reakers ,  t h e  INVERTER 
switch,  a d  t h e  AC BUS con t ro l l ed  by AC TIE  c i r c u i t  breakers on panel 11. 
The EPS INV 1 or INV 2 c i r c u i t  breakers  supply 28 v o l t s  de from t h e  LM 
p i l o t ' s  or commander's 28-voit dc bus t o  t h e  chosen normally synced 
i n v e r t e r ,  where t h e  dc i s  changed t o  l lT -vo l t ,  400-Hz, ac  power 
(350 volt-amperes). 
of e i t h e r  i n v e r t e r  t o  t h e  ac buses by way of t h e  respec t ive  AC BUS A :  
BUS TIE  o r  AC BUS B: BUS T I E  c i r c u i t  breakers .  

The INVERTER switch s e l e c t s  and rou te s  t h e  output 

Normally, i n v e r t e r  2 is  energized when t h e  LM subsystems a r e  f i rs t  
ac t iva t ed  and connected t o  t h e  ac buses.  Inve r t e r  1 funct ions as a backup 
during t h e  mission, except t h a t  it i s  t h e  opera t ing  inve r t e r  during DPS 
engine burn.  
ac  bus A by t h e  AC BUS VOLT c i r c u i t  breaker t o  t h e  instrumentation 
subsystem ( I S )  f o r  te lemetry and caut ion l i g h t  d i sp lay .  
frequency ( l e s s  than 398 Hz o r  more than 402 Hz) o r  low-voltage condi t ion 
(below 112 v o l t s  a c )  caused t h e  INVERTER caut ion l i g h t  and MASTER ALARM 
pushbut ton/ l ights  t o  go on and a tone t o  be generated. The crewman makes 
a determinat ion of t h e  ind ica t ion  and performs co r rec t ive  ac t ion .  The 
INVERTER caut ion  l i g h t  t u r n s  off when the  malfunctioning condi t ion i s  
remedied. The MASTER ALARM l i g h t  t u r n s  off  and t h e  audio tone  i s  dis- 
continued when t h e  pushbutton f o r  t he  MASTER ALARM l i g h t  i s  pressed.  
When pos i t ioned  t o  AC BUS, t h e  POWER/TEMP MON s e l ec to r  switch s e l e c t s  ac 
bus A f o r  vo l tage  d isp lay  on t h e  VOLTS indica tor .  

An ac bus vol tage and frequency s i g n a l  i s  supplied from 

An out-of-tolerance 
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5.0 DESCRIPTION OF THE MODEL 

P r i o r  t o  a d e t a i l e d  explanat ion of the program l o g i c ,  it i s  necessary 
r e s t a t e  c e r t a i n  assumptions which were appl ied t o  t h e  math model and 
.ch are used i n  t h e  computer model. These assumptions a r e  as follows. 

a. There are no d a t a  ava i l ab le  on a i r lock  module (AM) i n v e r t e r s  t o  
However, t h e  computer model w i l l  have t o  be a l t e r e d  

These changes include updates t o  t h e  dimension 
be used i n  t h e  AAP. 
i n  only a f e w  p laces .  
s ta tements  and provide t h e  log ic  t o  follow FORTRAN statement 20 t o  lead  
i n t o  FORTRAN statement 13, where t h e  e f f i c i ency  i s  ca lcu la ted .  
l o g i c  w i l l  be similar t o  t h e  log ic  used from FORTRAN statements  17  t o  13. 

This 

b. There i s  no ac equipment l i s t  ava i lab le  at t h i s  time and a l s o  
no t i m e  l i n e  with ac loads dependent on time. When t h i s  information 
becomes a v a i l a b l e ,  it can e a s i l y  be incorporated i n t o  t h e  inputs  of t h e  
program. However, it i s  necessary t h a t  a l l  ac equipment be r a t e d  a t  
a common vol tage .  

c: All e f f i c i ency  ca l cu la t ions  a r e  performed a t  28 v o l t s  from CSM 
and LM curves found i n  t h e  Spacecraft  Operational Data Book (SODB). It 
i s  assumed t h a t  t h e  e r r o r  i n  ca l cu la t ions  of t h e  e f f i c i ency  i s  small ( l e s s  
than 3 pe rcen t )  over t h e  operat ing range of vol tages  on t h e  i n v e r t e r .  
The data used f o r  t hese  ca l cu la t ions  a re  presented i n  t a b l e  5-1. 

d. When t h e  load on t h e  LM inve r t e r s  i s  less than 80 volt-amps, 
t h e  power l o s t  i s  set t o  40 watts. 
i n  t h e  SODB, volume 11, f igu re  4.3-4 i n  t he  ECS sec t ion  f o r  heat  generated 
versus  ac  power. 

Data f o r  t h i s  assumption were presented 

e .  The output of t h e  program i s  a vol tage-current  ( V - I )  curve of 
constant  power. With these  data, t h e  current  drawn by t h e  ac loads through 
t h e  i n v e r t e r  can be ca lcu la ted  d i r e c t l y  f o r  any given dc bus vol tage .  This 
c a l c u l a t i o n  i s  d i f f e r e n t  from t h e  present SEENA program which converges 
t h e  so lu t ion  f o r  bus vol tage and current  through i t e r a t i v e  ca l cu la t ions .  

The program flow can be divided i n t o  t h r e e  main sec t ions .  

b. Calcula t ion  of t h e  e f f i c i ency  and t h e  input power 

c .  Calculat ion of output V- I  curve 

The program first  searches the  ac equipment l i s t  t o  determine which loads 
are on and then adds up t h e  t o t a l  wat t s ,  volt-amps, v a r s ,  and power f a c t o r  
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of t h e  e n t i r e  load.  There i s  an opt ion t o  en te r  a lumped load as input  
and t o  ass ign it t o  a p a r t i c u l a r  i n v e r t e r .  
load  input i s  t o  have an input  data card w i t h  a 1 i n  column 1 as indica ted  
by FOETFM format statement 1, followed by a card w i t h  the w a t t s ,  power 
f a c t o r ,  and i n v e r t e r  t o  which t h e  load i s  t o  be assigned. The names of Sll 
t h e  equipment t h a t  i s  on a r e  s to red  i n  t h e  ACLOAD a r r ay  so  t h a t  they  can 
be pr in ted  out  i n  t h e  event of  an overloaded i n v e r t e r .  
6-2 of the  flow char t  correspond t o  t h i s  s ec t ion .  

The format f o r  a lumped 

Pages 6-1 and 

Section b i s  concerned pr imar i ly  with determination of t h e  proper 
ind ices  s o  t h a t  t h e  co r rec t  curves can be se l ec t ed  f o r  t h e  e f f i c i ency  
ca lcu la t ion .  Two i n t e rpo la t ions  a r e  required t o  ca l cu la t e  t h e  e f f i c i e n c y ,  
one along t h e  data curves and one between t h e  data curves. The e f f i c i ency  
ca lcu la t ion  i s  i l l u s t r a t e d  on pages 6-3 and 6-4 of t h e  flow c h a r t .  

F i n e l y ,  t h e  output V- I  curve i s  ca lcu la ted  from t h e  input  power, 
which i s  the  output power divided by t h e  e f f i c i ency .  
po in ts  f rom 10  t o  35 a re  ca l cu la t ed  and s to red  i n  t h e  a r rays  v o l t  (26)  
and AMP (26) .  
power out  and t h e  power i n ,  i s  assumed t o  be converted t o  hea t .  The 
conversion f a c t o r  of 3.412 i s  used t o  convert  t h e  power l o s t  from watts 
t o  Btu's/hr.  

Twenty-six data 

Also, t h e  power l o s t ,  which i s  t h e  d i f f e rence  between t h e  

The l o g i c  of s ec t ion  c i s  shown on page 6-5 of t h e  flow cha r t .  

The V - I  curve and t h e  heat  are ava i l ab le  as outputs  and can be used 
i n  t h e  EPS and ECS programs, r e spec t ive ly .  P l o t s  of t h e  V-I  curve of 
constant  power f o r  t h e  two t e s t  cases  which were run a r e  presented i n  
f igu res  8-1 and 8-2. 
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TABLE 5-1.- DATA ( E F F  vs. VA) 

1.0 

VA 

300 

460 

62 5 

795 

1000 

1200 

1400 

1600 

1900 

0.8 lead 

EFF 

0.615 

.666 

.698 

.721 

.732 

,736 

.734 

.726 

.702 

I 0.65 lag 

EFF 

0.5 

575 

.642 

9 697 

.733 

754 

758 

0754 

.743 

(a) CSM 

0.9 lag 

VA 

300 

470 

690 

900 

1070 

1290 

1500 

1635 

1810 

EFF 

0.662 

.712 

.746 

.762 

.764 

76 

.754 

,747 

73 

VA 

350 

520 

700 

800 

910 

1160 

1500 

1630 

1900 

1.0 

EFF 

0 -7 

.73 

.756 

.767 

77 

.768 

75 

.743 

72 

VA 

75 

108 

140 

185 

240 

280 

368 

430 

5 00 

0.652 

* 7 1  

.742 

772 

785 

* 79 

.786 

.781 

75 

90 
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6.0 ARP INVERTER 
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DATA: EQUIP (91, WATTS (9) 
PF (91, HVA (2,9,3,2),  
PFC (3.21, AK (6) 

LUMP = 1 1 
SUMW = 0. 

VAR = SIGN WAR, P F  (J) 1 

L = L + 1  iT' 
~ A C L O A O  (L),= EQUIP (J)] 

(,,,,:I 
J SUMW 

VA = SUMW/PFAC 
SUMVAR = f 

Flowchart 6-1.- AAP inverter. 
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PFAC = SUMW/VA 

VA,  PF 

t 
READ: INV (6) 7 

Flowcliart 6-1.- Coiitintted. 
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POWER FACTOR 
IS L E S S  T i l A N  

P 

/ 

17 
J = 4.5 

IS  LEADING 

NO 

I 
YES POWER FACTOR 

IS L E S S  THAN . 7  
LAGGING 

PFAC = . 7  Lr’ 
b 

t f 
I 

rL1 P F A C =  .8 +- M P =  2 

Flowchart 6-1.- Continued 
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3 M S =  M P  

- -  

ETA(MH) = EFF + 
M P = M P + 1  

c 

I 
INTECPOLATE ETA(2)  
TO OBTAIN EFF 

4 

. Flowchart 6-1.- Continued. 
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I 

V T =  lu. + 
A M P W  = P I / V T  

1 

V T  = V T  -1 1. 

- 

Flowchart 6-1 . -  Concluded. 



7.0 PROGRAM LISTING 

irmm 7-1.- PROGRAM LISTING 

OU(8I 
00 IO3 
ou103 
00103 
OUlP7 
O U b I O  
o o t  IO 
O U b l O  
OUb IO 

I *  
2. 
30 
Y *  
5 .  
& *  
7. 
0 .  
9 .  



O U 2 Y 7  
0 0 2 5 0  
00251  
00252 
UOZSS 
U02S7 
0 0 2 b 1  
0 0 2 b 2  
0 U Z b Z  
0 0 2 0  
002bY 
0 0 2 b 5  
O U Z b b  
0 0 2 7  I 
U O P l 2  
00272 
00273 
OU27Y 
U 0 2 1 5  
uu277 
00301 
U0303  
00395  
OUJUC 
00307 
0 0 3 1 0  
0 0 3 1  I 
0 0 3 1 2  
00313 
00315  
0 0 3 1 7  
Oolao 
0 0 3 a i  

003a3 
0 0 3 w  
0 0 3 1 7  
00310 
OUJJ1 
00384 
00335 
0 0 3 3 b  
003YO 
OUJI  4 

09312 

7-2  

TABLE 7-1.- PROGRAM LISTING - Continued 
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TABLE 7-1.- PROGRAM LISTING - Cohcluded 

D03Wl 
003U'l 
QU3Y5 

003C3 
00355 
0 0 3 6 4  
OU34L 
UU344 
00J47 
OU37O 
0 0 3 1 2  
0 0 3 7 1  

w a s 2  



8.0 PROGRAM SAMPLE CASES 

TABLE 8-1.- SAMPLE CASE 1 

P F  = * 5 6 5  
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TABLE 8-11.- SAMPLE CASE 2 

MSC Form 527A (Mar 6 5 )  
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